IN CONTRAST to the expected rise in sys- tolic pressure with exercise, in a previous study,1 hypotensive responses were often recorded in 168 cardiac patients who were submitted to a test of exercise tolerance. Under the circumstances of the test, which required walking on a treadmill at 1.7 m.p.h. up a 10 per cent grade, normal subjects increased systolic pressure by a least 10 per cent of the pressure recorded during the fourth minute of sitting before standing and walking. Consequently "exertional hypotension" was defined as a failure to increase systolic pressure during walking by at least 10 per cent of the final value while sitting at rest; in some instances during exercise the pressure fell below the resting level. Forty-four per cent of patients with stenosis of either the mitral or aor tic valves had exertional hypotension, as did 22 to 28 per cent of patients with either hypertensive vascular disease or coarctation of the aorta. The incidence was lower in patients who had flow loads due to either valvular regurgitation or to left-to-right shunts.
In reviewing previous experimental studies, Skouby pointed out that direct recordings of arterial pressure in horses and dogs during work on a treadmill sometimes showed a fall in mean pressure. 2 Skouby studied direct recordings of aortic pressure in dogs as they ran on a treadmill. Despite initial oscillations and transient falls of 10 mm. for less than 10 From the Division of Cardiology, University of Washington, Seattle, Wash.
These studies have been supported, in part, by Grant-in-Aid H 908 C6,7 from the National Heart Institute, U.S. Public Health Service. seconds, both systolic and diastolic pressures increased in parallel with the rise in oxygen consumption. Holmgren3 also observed oscillations in pressure in human subjects during the initial phase of exercise, which he attributed to effects of immediate vasodilatation and decreased ventricular blood volume. Fraser and Chapman4 observed in normal subjects an average rise in systolic pressure of 15 mm. Hg, an average fall in diastolic pressure of 7 mm. Hg, and no change in mean systemic pressure when arterial pressures were recorded directly during standing and during walking on a treadmill at 3 m.p.h. up a 5-per-cent grade. The same authors reported that 1 out of 9 patients with a healed myocardial infarction had a fall in mean arterial pressure during the same work load.> Donald and associates also noted a fall in systolic pressure in 1 out of 16 patients with mitral valve disease who were studied while they performed leg exercises in the supine position.6 In both of these instances, cardiac index increased somewhat during exercise.
Because of the paucity of directly recorded hemodynamic data on cardiac patients during exercises in the upright posture, further studies were made to determine the mechanisms of exertional hypotension.
MATERIAL AND METHODS
Twenty-six patients were studied, of which 16 were placed in group I because they either exhibited no change or showed an increase in mean arterial pressure during exertion; 10 V 
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Effects of Walking
For approximately a 3-fold increase in oxygen consumption above the level observed while supine, patients in group I almost doubled the cardiac index (table 2) . They also showed about a 50 per cent increase in stroke index and arteriovenous oxygen difference in changing from sitting to walking ( fig. 1 ). Since mean arterial pressure increased but slightly, the peripheral resistance showed about a 40 per cent fall due to vasodilation ( fig. 3 ).
Patients in group II with exertional hypotension ( figs. 3 and 4) showed a similar fall in resistance, but a significantly smaller increase in stroke index (p < .003) and cardiac index (p < .02) than did those in group I. The increase in arteriovenous oxygen difference was somewhat greater, but there were no appreciable differences in heart rate, oxygen consumption, ventilation, or oxygen removal rate.
in diastolic pressure in phase IV after the Contributory Factors for Exertional Hypotension The possible importance of abnormalities in total blood volume, distribution of blood volume (as reflected in pressor responses to the Valsalva maneuver), and mechanism of heart beat was reviewed.
There was neither a significant reduction in blood volume nor a significant difference in average total blood volume for patients in groups I and II (table 1) .
Valsalva responses were recorded on 16 patients. Only the 2 hypertensive patients who were taking a sympathetic blocking agent orally showed any impairment of the postValsalva overshoot in diastolic pressure. There was no consistent difference in phase II responses between the 2 groups. Examples of maximal differences observed between patients in each group are shown in figure 5 . Furthermore, there was no change in these responses when the Valsalva maneuver was repeated after the exercise test.
Three of 4 patients who had atrial fibrillation developed exertional hypotension. The exceptional patient, who increased mean arterial pressure during exertion ( fig. 6 ), had predominantly mitral regurgitation. The diagnostic impression was confirmed later during open heart surgery (mitral annuloplasty performed by Dr. K. Alvin Merendino). Of the 3 others with atrial fibrillation and hypotensive responses to exertion, 2 had predominantly mitral stenosis; the other had mitral regurgitation and possibly myocarditis. Another patient, E. H., had normal sinus rhythm at rest, but exhibited a fall in mean arterial pressure due to the onset of ventricular bigeminy during exertion ( fig. 6 ). Since he had a healed myocardial infaret, and was not treated with any digitalis preparation, this arrhythmia was presumably due to myocardial ischemia.
DISCUSSION
Even though exertional hypotension has previously been observed directly in some experimental animals and indirectly in cardiac patients studied in this laboratory, the possibility of technical errors in these studies should not be disregarded without further comment. Due to the sampling of blood and flushing of catheters during the procedures, the possibility of artifactual damping is remote. Most important, however, is the fact that many patients exhibited a rebound to higher radial arterial pressures during recovery, as has been observed previously in Patients who developed exertional hypotecnsion had slightly increased peripheral resiistanee and lowered cardiac indices while sitting at rest, and a marked limitation of stroke index during walking. Cardiac index usually increased somewhat due to acceleration of heart rate. It is concluded that exertional hypotension may be a significant manifestation of impaired cardiac function whenever a major loss in blood volume or a marked impairment of neural regulation of vasomotor tone can be excluded.
SUAIARIO IN INTERLINGUA Hypotension de effortio, i.e. un reduction del valor medie del tension arterial systemic in ambulation, occurreva in 10 ex 26 patientes testate con catheteres in sito e registration directe del tension in arterias pulmonar e radial.
Patientes qui disveloppava hypotension de effortio habeva levemente augmentate resistentias peripheric e reducite indices cardiac (uando illes sedeva in stato de reposo e un marcate limitation del indice de pulso quando illes ambulava. Le indice cardiac cresceva in general levemente in consequentia de un augmento del frequentia cardiac.
Es concludite que hypotension de effortio es possibilemente un manifestation significative de dysfunction cardiac in omne casos in que il es possibile excluder le explication per major perditas de sanguine o per marcate dysfunction del regulation neural del tono vasomotori.
